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(54) DEVICE AND METHOD FOR MEASURING 
ELECTROMAGNETIC FIELD INTENSITY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To calculate the 
electromagnetic field intensity radiated by an electric 
circuit at a high speed while keeping the accuracy high, 
in a device for measuring electromagnetic field intensity. 

SOLUTION: A sample calculation processing part 4 
calculates mutual impedance, etc., at sampling 
frequency without using an approximate equation. The 
mutual impedance, etc., and sampling frequency are 
used to calculate an approximate coefficient according to 
an approximate equation which comprises polynomials of 
frequency expressed by approximate coefficient and 
frequency and shows mutual impedance, etc., by means 
of a processing part 5 for calculating approximate 
coefficient. The processing part 9 calculates a mutual 
impedance, etc., at designated frequency according to 
the approximate expression by using the approximate 
coefficient. The mutual impedance, etc., are used to 
calculate a current value and/or magnetic current value 
flowing in each element by means of an electromagnetic 
current calculation processing part 10. A processing part 
11 for calculating electric field and magnetic field 
calculates electric field and magnetic field with the 
current value and/or magnetic current value. 
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jS'ij n=b/f .1 + b1 f si + b2 f si 3 +b3fsi 5 + b4f s i 

jS'ij .2=b/f S 2+b1 f s 2 -h b2 f sz 3 4-b3f S 2 5 + b4fs2 

jS'ij s3 =b/f ss +b1 f s3 +b2 f S 3 3 +b3fss s + b4f.s 

/T-ij S 4=b/f s< +b1 f s < +b2 f S 4 3 +b3f S 4 s + b4f s < 

> s =b/f ss +b1 f ss + b2 f s5 3 +b3f s s 5 +b4f s5 

b4w{g^^^^^i^T#^ 0 tot, 

^bo—b4ti, i (om.xfe&Z} 2m<nmmm<Dm^ 
m^t>frz>i&®M%cx'hz> 0 

[0 0 5 4] £J,hftm&&W5\^2\Z-tetf %mMx& 

5 0 i&mm^uzftm steal*, ffis-fye-^ 

^^t755fi(KS;^*5tt S5£(!a«*4:3SCffi UT^^Stt^ 
[0 0 5 5] lilC^lt, Hl^cOtSS-t'^t 0 — 40 

^(0^m^^faf+^ss9f-io^rtT^6 o r 

?ft>tiZ> 0 tot, l^oj^iS^fcttStBS^^bf— 

^v^c7>^m(-^-rs^»iffi*-cMP#iBjT-fo5. ceo 

ua>u i fla^&^t-oi^-c^teaB^^^-c 
Mu^r-, u%kt L,x±fo(Di&mv$m%:m#>xm< -c# 

[0056] ®aff 9 tt. tffla^sfc^m&asis 50 



s 1 + j 0 ' i j si 

s 2 + j j3 ' i j s 2 

s 3 + j j3 ' i j S3 

s 4 + j /? ' i i s 4 

s s + j 0 ' i j s s 

[0 0 5 3] ^ 



ij (O^&SB (3 ' i j ) Mo^-C<Ot>(D-e$>6o ^f^h(D 



i^i^T, f ^(0^^UEf3^o"Ci^ 0 to 

[0 0 5 7] mz-tf* n = 5t^^, tSS-fVf- 
y>-^Z i ii-o^rco^fa^fi, Zij=exp [ — j ( 2 tc 
f A) r] [aO + al f 2 +a2f< -h a 3 f 6 +a4f B +j(bO/ 
f+b1f+b2f 3 +b3f s +b4f 7 )]b£fr& 0 Z<Dfc 

aO~a4^t5bO—b4«K*o^"CfeS e ^IT', f 

2 ^ v t°- ^>-^ Z i j ££ffl-r £ r t 5 0 
[0 0 5 8] roi£{iU5££^T, JSffiSS:flSlfflrto9fS 

i o mh z xfc 9 mnk$mm& 3 0 MH z-1GH 

zt'fo^ S^/^iS^t 1 0 MH z (Di§jfli!£0#"*' ^ 

^&^SEf^f&T-&-5^e>. MW3 0MHz-l 
GHz rti^#^-t*SSIii6^, 30MHz. 40MH 
z , 5 0 MH z , • • -9 9 0MHz, 1GHz "Cfc 
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17 

[0 0 5 9] &3b\ W^M2 0iaoT, 

&-khx%z> 0 wh, mm%-&mnttimM2 osrtss 

oo^, o&t^m^jmi^s^ 
i nc^^^^^^ur, ^f+^^^9^fc^ 

[0 0 6 0] mi&ifftf+l£#ui£i$ 1 o f*. ^faft^^as^ 

[0 0 6 1 ] #J;?:tf, tlS^yt"^ Z i jdoi^T 
(D^e— ^^S^oiEic^m^i CZij] Cli ] = [v 
i ] T-feS 0 r ( ] j (i-^ h y ^ ^ Sr^-fo r^to 

^flzSlcsfcfefcfBS:^ >t e -^>-^ Z i jdSftA^ttSo 

CVi ) taEE£n-Cfc£ 6-§^£r»x5^to 
fig Cl M ®M Cli] cogfflteJSiSMfc 

iaf^c^^^^^j^^5-ov^-c^f9igu^T^n6 0 tear 

[0 0 6 2] 7^*5, tgs-f Vt 0 — Z i iJ-ot/^Tco 
^-^vh&^j&^a^te Czij) Cii ] - [Vi 

So 

[0 0 6 3] ®jmjm2£8yffi«l$ 1 1 tt, ®«ftl^ 

[oo6 4] rz>^ m^£otb^f*as^, 



(10) ffl¥9- 1 9 6 9 8 6 

[0 0 6 5] S^#^^m^S2 OdSjSa^ixfc* 

1) o 

[0 0 6 6] 1^:^vffi;£te3ffiSI5 3#. JSjRWfilfflfcifi 

10 js&ntt-s^-t, »co-9-vyy i/ym&mzm'm 
-rs (s 2) 0 

[0 0 6 7] ^V7"^ff^te3SSi54^*t^$ixfc^-C© 
tm^mTLtz^^m^ (S3) o islTUi^ 

■T6 (S4) o CLCO^ jx^s/^S 3 Sr«H9iS-t- 0 

[0 0 6 8] ^TUt^Si^ Efla^^m#yM5 5 
ifc«fpt^ v^y ^^^m^^i^-rstgs-i' >-t°-y 

v^Z ij£rftA-f6r i{iiotSi*^$:4T, r 
*u£A¥< r t^J:o-Ci£(El^Sr»(±i-t-S (S 5) 0 J£A 

v^z t \<r>mm\%, ^^m^^mMmi/^-tmm 

[0 0 6 9] ^aSf^^S^9^ig^gE£[a^co^:T£0 
30 fc^^f^S (S6) „ HTLfci^ 

^ai7j-rs 0 

[0 0 7 0] ^Tttt^^, 5S(E4ff3S«L31SB9d5 
l#jO^^m^fcft^tiS^>'t: 0 -^>'^Zi j 

fa) ^{^j^oxtm-rs (S7) o ®«a£^3S«i 
[0071] m#^#tt^^s^i i &<£x<Dmmj&fr 

m^Z> (S9) o HTLT^^t^ ^y7*S6W 
[0 0 7 2] ^TUT^^i^ tM^fffM^l 
1 2i^^-rs (S 1 0) . W^T^y^S 9 

50 Xt&WtZtctblz.^ i4(^t ; e7#-/^#x.5. HI 
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mm^9- 19 6 9 8 6 
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[0 0 7 3] tSS-T Vt°-^v^co— j^^fm^f ^ 

/i a)) x (5 j i /at) Tfco, P 2=- (i/i ; 



20 



*cu) X (5 J 2 / d t) TfoSo ifciU-io^T s 

—ASS;* Uf3iaffl-e#5wi^-t*fc86"C-&So 
[0 0 7 4] 

mi] 



,-ikf 



s 4 



J I J 2 COS 0 



7T 



1 e 

+ P l P 2 



-jkr 



]ds 



4 k e 



[0 0 7 5] J l&W 2t^-y vh&i^itSJgBfl *>, JHE 

[0 0 7 6] J^T\ fBS-t' yt- ^V^Jii^ f c^n 
5fc (n = -l, 0,1,2, * * •) (D^msZX^t-tZk&XZ 30 

5„ CCLd, k = 2 7c f /cT&5. c»i3ti^-e&So 
[0 0 7 7] ^fc, ^ToiEWtiU E^IE&ifc^e— y > 



[0 0 7 8] ^B^-^yh&i^^T, 

"C-£5o ^~C\ dH^y ^-vwX>^S£> d2t^^ey^ 
— ;W2)G9:g£, d3^^/4?— /M3)^S^, d4Ji^/^— 

J 1 =sink Cz-zO)/si nkdl 

J 1 =sink (z2-z)/si nkd2 

J 2 = sink (t-t0)/sinkd3 

J 2 = sink Ct 2-t) /s i nk d4 



MM* y /v® 



^&y 7^— ;u@)<DfSS-f >-fc°— ^>^Zl4£?fc£>5 0 
-Y Vfc* — Z 1 3&O^Z 1 4ti^Tw <t 0 Z> 0 
[0 0 7 9] 
[t2] 



(12) 4#BB¥9- 1 9 6 9 8 6 

21 22 

icou 1 1 z i 

Z l3 = ■ J S [sink(z-z o )sink(t-to)cos0 

4?rsinkdtsinkd3 toZo 



-cosk(z-zo)cosk(t-to)] dzdt 

r 



ito ii tzZi 

Z l4 = / S Csink(Z'Zo)siak(-t+t2)cos0 % 

4?rsinkdisinkd4 tiZo 



+cosk(z-z a )cosk(-tU 2 )] <iz<Jt 

r 

[0 0 8 0] =ZJ tf— JlsfflcomMr = (z 2 + t *£;H£ 0 #*3 n a = 

2 -2ztcos0+h 2 ) 1/2 k-TZb, _L*tof@£ 20 [0 0 8 1 ) 

A >t°— z 1 3&tKZ 1 4o^MtttJlToJ: 5 (-^ * [I&3 ] 

ja> C/Z k k 

— =j =ja — 

47rsinkdisinkd3 \n sinkdisinkda Ai 

\o> j± Cd k k 

=j =ja — 

4 ?rsinkdisinkd4 4;r sinkdisinkd* A2 

[0 0 8 2] Sit* tf— sum<D&MT ~^j(D^ 2K£rOfc^H!rfcf, OToi D\zJffl$rz%%> 0 

r = [ r o 2 + (r 2 -rO 2 )] 1/2 - (rO 2 + A) 1/2 = rO(1 + A/ rO 2 ) ^ 2 
^rO(1 + A/2r0 2 -A 2 /8rD< + • • •) 
= rO+ A/2rO— A 2 /8r0 3 +- • • = rO-H 
f 0= (21 2 -f t i 1 - 2 zi ti cos <t> + nkd3"CfoSo 
h 2 ) 1/2 -C&£ 0 ^ot, *§5>f >-\z"—y>*Z\3R [0 0 8 3] 

U^ZHfil^Tcoidf-^^^t^o r^-e. Al^sinkdlsi [^4] 
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(13) ^¥9- 1 9 6 9 8 6 

23 24 

k tizi 
Zi3= ia — e " )kr0 S S [sink(z-z o )sink(t-ta)cos0 
Ai toZo 



-cosk(z-zo)cosk(t-to)] dzdt 



k t 2 zi 
Zm= ia — e -' krD J /Csink(z-zo)sink(-t+t 2 )cos0 2 
Ai tizo 

e - ik * 

+cosk(z-zo)cosk(-t+t2)] dzdt 

r 

[0 0 8 4] rrx% ^Zffimtem^irZ>tcMc^ z - *?„ ittRfitfcti, A = 27i/ktfc^ 

zO=u, t -10= v, w =- t +t2£:fc<o &1ts [0 0 8 5] 

tf—/Ufim\,^h<Dk LX, ^T©i ?^m^&U%ff*20 [f 5] 

sin ku ^ ku - (ku)V6, cos ku *»l-(ku)V2 

u=0. 1 A— sin(0.2?r) - 0.587785 

- ku = 0. 6283 (+6. 8950 
* ku-(ku)76 = 0.586958 (-0. 14» 

cosC0.2^) = 0.809016 
1 - (ku) V2 = 0. 802608 (-0. 79X) 
u=0. 12 A -» s i n (0. 24 tt ) = 0. 684547 

- ku = 0.75398 (+10. 14X) 

- ku-(ku)V6 = 0.682542 (-0. 29X) 

cos (0.24 7i) = 0.728969 
-l-(ku)72 = 0.715755 (-1. 81 JO 

[0 0 8 6] £X±IZ.£V S &K-< lst°-i?>*Z\2<Dm Tfo£ 0 

#:msR 1 nvxy(D£ ?izm£foz> 0 #*5> me) \z.^ [0087] 
-rat (Sfe7) i^t^^^twtti^^^^ [f 6] 
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(14) #gl¥9- 1 9 6 9 8 6 

25 26 

k tiZi 

Ri -a — J JCsinku sinkv cos^i 

At toZo 

sinkd 

-cosku coskv] dzdt 

r 

k tizi (ku) 3 (kv) 3 

-a — SI (Dai - ][kv ]cos# i 

Ai toZo 6 6 



(ku) 2 (kv) 2 (kd) 3 1 

-Cl- ][1 ] ] Ckd - — ] —dzdt 

2 2 6 r 



k tiZi uv 3 + u 3 v u 3 v 3 

a — S S CCuvk 2 k 4 + k 8 ]cos0i 

Ai toZo 6 36 



u 2 +v 2 uV (kd) 3 1 

-Cl- k 2 + k 4 ] ] [kd ] —dzdt 

2 4 6 r 

tO 0 8 8] 1&7] 

1 tiZt uv 3 + u 3 v uvd 3 

= a — S S CCuvdk 4 -( dt — )k 6 

Ai toZo 6 6 



uV (uv 3 + u 3 v)d 3 u 5 v 3 d 3 

+ ( d+ )k a k lo ]cos <6 

36 36 216 



u 2 +v 2 d 3 uV uHv 2 . 

-dk 2 K d+ — )k 4 -( d+ d 3 )k° 

2 6 4 12 



u 2 v 2 1 

+ d 3 k B ] ) dzdt 

24 r 



[0 0 8 9] C^"C\ tt%mt£ : M\z.-*Z1Zib\^ k * 

R 1 =[ a/AlJ [( PI k 4 - P2k 6 + P3k a - P4k 1Q )cos 
<H~ P5 k 2 + P6k 4 - P7k 6 + P8k a ) 

RI = [ ae -Iho /( d j d3k 2 )] [(pu 

- [ ae /Cd1d3)] [( Plk* - 



sinkd!sinkd3^ d 1 d 3 k 2 hftZ> 0 roAl^ififElfiSrf^A 

- P2k 6 + P3k B - P4k 10 )cos<M 
P5k 2 + P6k 4 - P7k 6 + P8k 8 ] 
P2k 4 + P3k 6 - P4k 8 ) cos 01 
- P5 + P6k> - P7 k 4 + P8k E 3 
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(15) Jf#^¥9- 1 9 6 9 8 6 

27 28 

[0 0 9 0] IfcH, teS^f^e-^vxZUcO^ic^M [0 0 9 1 ] 

(^9) ^tttnift^xm^rmmzfrz^^* 

k tizi 

Ii= a — X XCsinku sinkw cos^i 
At toZo 

coskd 

+cosku coskw] dzdt 



k UZi (ku) 3 (kw) 3 

a — J* X [[ku ][kw ]cos0 i 

Ai toZo 6 6 



(ku) 2 (kw) 2 (kd) 2 1 

-[1 ][1 ] ] [1 ] — dzdt 

2 2 2 r 



k tizi uw 3 t u 3 w u 3 w 3 

a — X XC [uwk 2 kH k 6 ]cos0i 

Ai toZo 6 36 



u 2 +w 2 u 2 w 2 (kd) 2 1 
- 1+ k 2 k«] 3[1 ]] — dzdt 

2 4 . 2 r 

[0 0 9 2] 30 [&9] 

CL tiZi uw 3 + u 3 w uwd 2 
= — X X [ [uwk 3 -( * — )k* 

Ai taZo 6 2 



u 3 tf 3 uw 3 + u 3 w u 3 w 3 

+ ( + d 2 )k 7 d 2 k B ]cos0! 

36 12 72 



u 2 +w 2 d 2 u 2 w 2 u 2 fw 2 

-ki( + )k 3 -( + d 2 )k s 

2 2 4 4 



u 2 w 2 1 

+ d 2 k* ] — dzdt 

8 r 

[0 0 9 3] rrr% ^ffi^B/jsj^tc-t* sfc*t-, k 3 
?iz.mztiz> 0 so 



I 1 = [ a/AI] E( OH 3 - 02k 5 + 03k 7 - 04k 9 )cos 

01- Q5k+ Q6M - Q7 k s + Q8k 7 ] 

Hi-, A1coiS^EA1=sinkd1sinkd3^d1d3k' SrftA 
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(16) 4&m^9- 1 9 6 9 8 6 

29 30 

II = [ ae - ik'O /( d1d3k* )3 t C0 1 k 3 - 02k 5 4- 03k' - Q4k 9 ) cos 0 1 

- G5k + Q6k 3 - Q7k 5 + G8k' 3 
- [ ae -' kf0 /(d1d3)j [CQIk - Q2 k 3 + 03k 5 - Q4k 7 ) cos 0 1 

- Q5/k + 06k- Q7k 3 + Q 8 k 5 ] 

* [0 0 9 4] ^S^Vt'-^VXZU^Tco 



z> 0 * 

Z13=R1 + j I 1 

- [ ae <» /(d1d3)] [( Plk 2 



- P2k' 4- P3k 6 - P4k B )cos<£l 
- P5 + P6k 2 - P7k< + P8k 6 
+ j [ae -' kr0 /Cd1d3)3 [ (01 k - G2k 3 + G3k s - Q4k 7 ) cos 0 1 



-r yt- z n^^-r^f-iBi/^r, cos tfxoUHf?) 

Z 14= [ ae /(d1d4)3 [( RIM - R2k< + R3k 6 

- R4k s )cos^2+ R5 - R6k 2 + R7 k 4 - R8k 6 ]+j 
[ae -'* r0 /(d1d4)3 [ CS 1 k - S2k 3 + S3k 5 - S4k 7 ) 
costf>2 + S5/k - S6k+ S7 k 3 - S8k 5 ] 

f§S^>-fc 0 — (Z13+Z14) i-X, 

Zl3+ZH = e -' kr0 [CCO + Clk 2 + C2k' + C3k 6 + 
C4k s + • * * + j (C5k ' 1 +C6k + C7 k 3 + C8k 5 + C 
9k ? + * •)] 

ffiS-f yf-^y^ (Z23+Z24) do^T^IH^L 
T*fe5C^SX'#5 0 Z23f3^£/^— /U&h^/tf— 
/H3>OlES^ ^fc D — ^V^X£><9, Z24^/^— yWg) 

[0 0 9 5] tEoT, *g5>f >-t°-;?Vx (Z13+Z14 
+ Z23+Z24) t>, ±^t|S1«t-, iSifck (EP*,, 

&f) to&iR&izxyji'r-k&'ezz. 



- Q5/k + Q6k — 07 k 3 + G8k 5 ] 

[0 0 9 6] ^f, m^^i^^f-o^T#^§ 0 
x% dite^-y jK— /KD<^£^ d2te^y jK— /M2)<dS 

£ s d3te^y tK— ;K3)(D:^£, d4te^y tK— 

S'fcy^—/KD J1 -sink (z-z0)/sinkd1 

50 ®^tE-=e ^ =t? — /W2> J 2 -sink (z2-z)/sinkd2 

^fey^K— /K3) M3 =sink (t-tO) /s i nkd3 

mM*Stf—/i^> M4 ^sink (t2-t)/sinkd4 

[0 0 9 7] 
[»1 0] 



cd (s x ,s , ,s , )=(o,a i) 

®(t«,tr,t« )=(sin^i, 0, cos 
® , x vsin <£.2,0, cos^ 

□i 



(vi,v M V: )=( x//0, h/jo, 0) 
(w x ,w r ,Wi )=(-h/iO f x/jo, 0) 



[0098] nmm& z Mst-w-^^-t-ss^ [0099] 




0t) 
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(17) #P^¥9- 1 9 6 9 8 6 

31 32 

1 1 3A p dk , 

H0= — VxA = ( ) 

U U dz dp 

i ^^^ 

AjO=OtaDt? H0= - 



jtz 5 p 

[0 100] J)7^^3^ov^#iS e EH 5 * [0 10 2] _h^i-^T^^^{-tAi~^ c 

i-^^r, yj^#2<Dnm%\*)<Dm>Rf&ftn* hi = 10103] 

-h/pXH<^ sirx/j-efe&^icK V T# is a ^Bte&T 10 [tl3] 

[0101] 
Ilfcl 2] 

M H0 
B = -h / M — sintf hdt 

t iO 

h 1 3L 

~ — S M — sin# dt 

U t p dp 

ix e- )kr 

A, = — / J dz 

47r z r 



p=(x 2 +h 2 ) l/2 

r= {/o 2 +(z-z' ) 2 ) l ' 2 =(z 2 H z -2ztcos tf+h 2 ) l/2 
z' : 

dr £ 

djo r 



dA i /z 9 e - Jk ' 

= — J- J dz 

dp 47r z dp r 

= ; J (-ik — e- ikr - — e~ jkr )dz 
z r s r 3 

10 104] {EoT, U7?-> 3 yBtt, WT»J:5f- [0 10 5] 



-17- 



(18) 1 9 6 9 8 6 

33 34 

h 1 d e~ ikr 

B = — I S J M — sintf dz dt 

An t z P d p r 

hsin jk 1 

/X JM [-— — ]e" jkr dz dt 

2 ..3 



4^ t z r z r 

[0 106] II:, tir^co^^coggii^ *Tco<£?(:Srrr £^-?££ c 

fO-Czi 2 + t; 2 -2ziticos0 + h* ) 1/ * ^ [0107] 
fO + d t$t^t^T^?.WT\ yr^v-aVBte, I* 15] 

hsin<£ jk 

B * e- lkf0 S S M J [ 

An t z r 2 

1 

]e~ ikd dz dt 



r 3 

[0 10 8] tot, ^/ 7$—/U£b^/ 7$—/MS>b(D %zkfr-?$z>o 
f£\<DVT?->a =es #—;U$k=e/i$— 20 [0 10 9] 

/i^t^oyr^v'gyBUH iUTtDi 5f^tc^ [iU 6] 

hisin^i 

B t3 = e - Jkr0 f Xsink(z-zo) 

47rsinkdi sinkda t z 



ik I 

sink(t-to) [ ]e~ iki dz dt 

r z r 3 



h2$in#2 fl ^ ^ 

Bm= e ~ ,kr0 X Xsink(z-zo) 

47rsinkdi sinkdi t z 

^ 1 

sink(ts-t) [ ]e" lkd dz dt 

r 2 r 3 

[0 l l 0] &&mmftBfr-rz>1titofo x z- Jg2 3SttWT<oJ:5f;:*£ix5. fc*3, (Si 7) f:^ 

zQ^u , t-tO = v , w = - t + {2kte< 0 Sfc, 40 -T^i (Sl8) fott&k &mtxmi6zvT m& £ 

9o sinku ^ku- (ku) 3 /6&tfcosku ^1 - (ku) [0 112] 

2 /2*?fc* 0 [in] 

[0 111] ^_LClJ;9, tBSyz^VaVB 130^53 



(19) 1 9 6 9 8 6 

35 36 

S Jsinku sinkv [ — ]e dz dt 

t z r 3 

(ku) 3 (kv) 3 

=-J /[ku ][kv ] 

t z 6 6 

tcoskd- j sinkd] dz dt 

r 3 



(ku) 3 (kv) 3 (kd)* 

■TSi [ku ] [kv ] [1 ] 

t z 6 6 2 



(ku) 3 (kv) 3 
- i [ku ] [kv ] 



(kd) 3 1 

[kd ] ] dzdt 

6 r 3 



[0113] [ft 1 8 J 

u 3 v+uv 3 + 3uvd 2 

=- S S [ uvk 2 - k 4 

t z 6 



uV+3u 3 vd 2 +3uv 3 d* uVd 2 

+ k 6 - k 8 

36 72 



u 3 vd+uv 3 d+uvd 3 
-j [uvdk 3 k s 



u 3 v 3 d+u 3 vd 3 +uv 3 d 3 uVd 3 1 

+ k 7 k 9 ] ] — dz dt 

36 216 r 3 

[0 114] - *T, iS^fS^&JgCi-t-SfcfeC k 1 ToJ;5t=*SH5. **5. <M\ 9) l^-fiSt (I 

Plk ! + P2k* + P3k 6 + P4k ! + j CP5k 3 + P6k s + [0 115] 

P7k' + P8k s ) [Si 91 
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(20) *MS¥9 - 1 9 6 9 8 6 

37 38 

jk 

I fsinku sinkv [ ]e " jkd dz dt 

t z r 2 

u 3 v+uv 3 + 3uvd 2 

=-ff[ uvk 2 - k* 

t z 6 

uV+3u 3 vd 2 +3uv 3 d 2 a uVd 2 , 

+ k e k 8 

36 72 

u 3 vd+uv 3 d+uvd 3 
-j [uvdk 3 k s 



uVdfu 3 vd 3 +uv 3 d 3 uVd 3 jk 

+ k' k 9 ] ] — dz dt 

36 216 r 2 

[0 116] [J&20] 

u 3 vd+uv 3 d+uvd 3 

=- / / [ uvdk 4 k 8 

t z 6 



u 3 v 3 d+u 3 vd 3 +uv a d 3 u 3 v 3 d 3 

+ k 8 k 10 

36 216 

u 3 v+uv 3 + 3uvd 2 
+j[uvk 3 k 5 



uV+3u 3 vd 2 +3uv 3 d 2 u 3 v 3 d 2 1 

+ k 7 - k 9 ] ] — dz dt 

36 72 r 2 

[0 1 17] ^ISlSfi^T^tcif}^ k 1 40 B 13= (his i n <J> I /4 n si nkdl s inkd3) e - ' > ' ° x [ PI k 

^ro^<a£S»S:<]1~Q8!-S#**.5i, ±fttt«T»J; 1 + P2k' + P3k f + P4k 8 +j( P5k 3 + P6k s + P7k 

p(^^n-5„ ' + P8k» )+ Qlk< + 02k 6 + Q3k 8 + Q4k'° + j( 05 

01k< + 02k 6 + 03k ! + Q4k'» + j (Q5k 3 + 06k s + k 3 + 06k 5 + 07k' + Q8k s )] 
07k' + 08k 9 ) ±S;lcSMsiiikdUinkd3^illd3k ! 

<4>x.^ tssy T? v-a vB13l±EKTfc>J: 5 Si:, tBE y Ti> ->g ^B1 3f±BlT<0 J; 5 »-**lx5. 
■So 

B 1 3 = (hi s i n </. 1 /4jid1d3)e -i"°x 

t P1+ (P2 + 0l)k ! + (P3 + Q2)k' + (P4 + 03)k 8 + Q4k s 

+ j[ (P5+05H + (P6 + 06)k 3 + (P7+07)k s + (P8+08)k' ) ]] 

= e -' k, ° [ R1+ R2k ! + R3k< + R4k 8 + R5k ! 
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ffiK V T 9 is 3 >- B 1 4 Mot vt h It S^i 

BH"e -ikfo [ S1+ S2k 2 -f S3 k 4 + S4k e + S5k 

8 + j CS6k + S7k 3 + S8k 5 + S9k' )) 

*5>x.(C, t@EU7^V 3 y (B13 + B14) te. £XT<D£ 

[0 118] B13+Bl4 = e - ikr0 [ C1 + C2k ? + C3k 
4 + C4k E + C5k 8 + j(C6k + C7 k 3 + C8k s + C9 10 
k 7 )] 

teSiyr^Va^ (B23 + B24) i;ov^fe[s]i!:Lr 
?£#><5r bf£X% £<, B23i±^e/^— /W2>^^V^— ^ 

[0 1 1 9] Hot, ffii^yf-^ (B13+B14 
+ B23+B24) fc, _t5£i:l^*£i^ jK3gck©#3S*^i 

x.^fBS-O't:'— ^V^ZijMo^TO^ — ^ N&CQ 20 

&&jjm^:<D<-t^t&)t£h<Dn czij] [ i i 3 = c v i 
^ z i j ?^ft A £ #^^£itftix£ft;}5tofil: I i ;6^#> 
[0 12 0] L^U m«f+^S^l 0 Mfc^TJ?! 

s„ mmn&tomwi 1 o ^rms^s <£ 5 s-s^e 30 
* ^ b^m^m^m^^xmrn^m 1 i 3?£r^#> 

So 

[0121] *W*!-«lt*Sffi^lH]gSafifB^«5tW«t- 

J; 9 . if— 7^ ^^^-o^-i'zK— /w^r^J5fe*t"So ^ 

So 

[0122] m^x, &p\Ltc&mw\±<Dms.<<>'K o — 
^>-^z° c. c , ^mvtL^mtmm^t^n^^^ 

I^yt-^y^z 0 i.d /z d d.d , ^9ILfcWa#: 
l^drOteST ^>-;*Y 0 d. d /Y d d, d , #W i] U 

fc^feJKtigl^^ircotasy r^->3 c.n /b° 

0 d. d /B d d.d t^HJ$H5, l^oT, li^l^ 
[ElteaiStO^tlfi-fe^Xfi, fSS-Y >-fc°— ^V*. IBS 50 
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(R6k+ R7k3 + R8 k 5 + R9k 7 ) 3 

So 

[0123] ;:r% MttZJc^ 1 "0" te£^-C£Df+ 

ini^u jpfft-^:«= "a- nmm^x(Dtmm^ 

8sx.3= "c" fi^JS^U #s;i^ "d" ta^® 
&£^U "c, c " ^S^b^JK^w+iSBi 

i&^U Ssx.^ "d,d " te. ffim,fcfrbWm&^<Dtt 
SMffi^U as*. 5 ? "c,d " Ji, B8«te&»k&JR^0) 
tBSBIfl^^U "d, c " #JS^^^®^ 

[0 12 4] fy^y V^ift^*5tt5ti2-C>'tf- 

i5Mnt&®mm9fcisi,^x. y&m^ 

[0 12 5] m^X, A^fel^lXI»it»l 

[0 12 6] yjjyhwm^v, ^f'JU 
Id., 4>#JUfc^®*©^ffi(^HS«ffiBldfeO^: 

[0 12 7] 

So 

[Z° C, C 3 (It, i 3 + [Z° C, d ) [ I d. n 3 + 

CB° c d 3 (Mr. 3 = (Vi 3 

mmfc<Dm^ (DWimxmw^mm^^ t v ^ 5 

[0 12 8] (Z° d. e ]• (Icn ] 4- (Z° d.d +Z 
d d. d 3 ( I i. n 3 + (B° d, d + B d d. d 3 (Mr ] 

- (03 

h,s 0 

[0129] (B° d.c 3 (Icn 3 + (B° d.d +B 

d d, d 3 ( I d, n 3 4- (-Y 0 d. d -Y d d. d 3 

CM. 3 - (03 

$k±.*%b*bZ>b, IS 6 (A) \Z.7Trt=z-*is}*m<Oi& t 
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V h fe<OiS£;£fe£tei2l 6 (B) i-^-fi 
[0 13 0] *fc, Sttfc£^r**fl&ffiasfc5££ 

Z#T-z>&fo£<Dmmffi$:Mfe-tZ> 0 -tUT, El 7 (A) 
tfitifci:, 13 7 (B) l^-f J: 5 fcHfc 
o^hun^fot, [3 7 (C) 
[0 13 1] -ry-^^^i-tiH^Ll-^LX^KD® 

T\ f+5¥H#raf419Ell&2^S-C«FiPo CW^LT, 
S©T\ ftl£(WtW&4{g<t&£ 0 S£oT, rcoStt 

[01 32] ffiflSSftftg&iSgiS 1 0 £1±.<D£ o IcHS 

mxfo^tz B Lt^U ^m^ff^2i^^Ti£m 
[0 13 3] 0t|*.tf, i£^^rtt^iE^ff^LT^ 

tt©B8!ftT-*>S B 1»#t£fft0H-Sfc, ^f^itoMMoo 

^ifcPl^li, ik v, vr%.Xfidmx-m£tLZ> 0 ztib<D 

[0 13 4] r*U4, t@2T y^y^at^Eyr 
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as2(c*5^^r, *s:§>f vt°— ^v^, te7K? y^y 

[0 13 5] 

[0 13 6] EI8ttaail©it«E©fc«>t^v^fc^ieESi[S: 

T, n = 5^„ EP^> fss-r Vt°- Z i jf-o 
^■COifif^fi, Z i j = e x p C-jkr) CaO-h a 1 f 2 +a2 f 
< +a3f 6 +a4f 8 +j (bO/ f + b 1 f + b2 f 3 +b3 f 

5 +b4f 7 ) ] ^m^ita sMco^^yy i/^mmmf 

iK fi2. fs3. f S 4&tM.ste, 30MHz 
(3e 4-007 SP^. 3X10' ) , 2 5 0MH z , 5 0 0 
20 MHz, 7 5 0MHzMlGHziLfc„ rftte, ffi 
3 0MH z — 1 GH z T-feSS^-tB^-r 

HS 0 

[0 13 7] Offish ^t-^ 

V^Z i j^^*6S^^i6:f (is 10 0MHz (1e + 008 

ap*b, ixio s ) i ufc 6 ^(nmmmz--&rtz> j ®^ 

ye- ^v^Zij^, Jt^(Ofci6I-, ^-y>-h&(cjo 

ffi ^fc ff^S i: (75^ J; o T * b tbS o 
[0 13 8] ^fc, ^(Oit^Sfe^^S^y 

-ey tf—susRiK&tem^n 1 7!?^# 6^{srtb^ 
&th& 0 msiz-^^xn&^s M^<Dmm^\^< 

40 fitttO. 0001m (y— h/V) , ^ey tK— /v# 2 i:O£g^lti0. 
001m, ^ey ^— yw# 3 irtDSMteO. 01m , ^-y^— /V# 

jK— yP# 6 irOSggllilOm i: Lfc 0 y yu-Cfo* 7 

coS^JiO. 03m t Ufco 
[0 1 3 9] Ull Oii^-f 7tf-/W^(D£gPi r = 0mT*fc 

50 srffl^&n-^ioasLmufcfiic^^-r. *w«BSt-*j 
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[0 14 0] mi 0<D%:i£l&M(DWzL3S\,^X, cO, cU 

iEfls^&a Os aK a2, aS^U^^t^S^-To mO, 
mK m2, m3&tftn4te, mJ^^^^«^I^*5 
tt5i£flU0HRb(K bK b2, b3St5b4(^tF^ie«:^-t* 0 
4b\ EI 1 Oi'&tf £c0, cK c2, c3^Z^c4^, Sfefc^L 

[0 14 1] Ell Ofz&^T, ^fM^I-^k^rti 

^^•}#i-tfc{e%^ufc 0 flutf, ci*k^2 tmigm&ci 

= 2 7t f / c t-fiW<^^T&>;5JSJi£#: f = 1 0 OMH 

Xfo%> a 20 
[0 14 2] &W&<»mz.ffl£k£,\z.&tfZ>i - i * r coffi^r 

— ^v;* colli £^1~ 0 ifif^fficofiBt-fc^^-C, »f^co^? 

^ti5 0 il 1 Mil 6{-:fc^T%[^|-T?fe6 0 
[0143] ^— ^ V hfe^fflt^Jfero-^— * > 

[0 14 4] RSICil:^©^-^^ h^iot^ 

[oi4 5] *—*zsb&<Dm\tt-t-m£j&i£i,m<owz. 40 
^m^rom^x(omm^ib^t, *(owno%£ 

[0 14 6] Ell 1 l-*?'(tf—Jl>m<D9&&T = 0. 0001m 
Ull 2te*V2tf— /isffi<nVeffir -0. OOlmT 
*>5»^ 1111 3tty-<jK— /vffi^BEffltr =0. Olra "Cfo 
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nmm^^t^±x^\ 

[0147] El 1 4 stf— /MBtoKfli r -0. ImTfc 

%>m&. mi5i*?'{#—/um<D$&Mr=\mxjbz>m 
-s\ mi 6ts^v tf-/vm<nm&r = iom t?fcs»^ic 
o^r^-To mi 4Mmi 6 i^-r^(-*5^T^, 

m^J: 5&f£^^£LT^£ 0 100MHz 
T~£>6®£\ mM<Dt?—?\± r =0. Im^fo^o 

^ottxtfc^-rsrt/jKiR^i-So lot, ro^a* 

[0 14 8] 

^a^fex^r^T^T? n £&x^z><DX\ mwR 
Tjtm^<D%m^^&v$m<D±Uft%&ftx\s^tzffiK'< 
>-t°~^>-*m(DW-tti&mfrxmm£]xfty^b&x 

fr\c^\,^xf$ffiirzM&xhnmR&g.<D&m&mftx 

mi] &Km<nBmMj$.mx&>z> 0 
m2] mmR&g.w&mmffi!&mxfoz> 0 

[Ei 4] j£ieis;^©©iftMiar-foSo 
[@5] ifiiei^fltfS^KKia-rfeSo 
tm6] *~*^hm<D&$:Jjn&(D%Lwmxibz> 0 
m7] s*r&*a3S<ottKi2ix-*>*„ 

[El 8] HlfeWoSWIftMEIf&S. 

[Ei 9] msw^MiiftKEiTa&So 
[mi o] ieflsiismiftKEi-cfcSo 
[mil] ftL$mm&wmxihz> 0 
[mi 2] ififa^mi^B^mx'fo^o 

[mi 3] 3£(Bl3»miftMEI"C*>* 0 
[Ell 4] afifilSIS^KMEl-CfcSo 

[Eli 5] iafitJS^tftWEi-r&s. 
[mi 6] ififiiiSmiftwEi-cfcSo 

[017] t£3lettflTOWEIT&5o 

[mi 8] *&w<Dmwi&mmxfoz> 0 
[mi 9] *«W(oifja:tftwiaT?*>s. 
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